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RESEARCH OBJECTIVES
The objective of the Joint Geophysical Imaging project is to

ultimately develop formal joint geophysical imaging algo-
rithms for simultaneously inverting different types of geo-
physical data—to find a common, self-consistent earth model.
The initial stages of this work have concentrated on demon-
strating a methodology for combining time-lapse changes in
electric conductivity and compressional- and shear- w a v e
velocity with a detailed rock-properties model, to produce
quantitative estimates of the change in reservoir pressure and
fluid saturations.  

APPROACH
C rosswell electromagnetic (EM) and seismic data were

a c q u i red during CO2 injection into the Lost Hills Oil field. Data
w e re re c o rded before and during CO2 injection.  From well log
data, a detailed ro c k - p roperties model was developed that re l a t-
ed changes in the electrical and seismic properties of the re s e r-
voir to changes in pre s s u re and fluid saturations. The ro c k - p ro p-
erties model was used to constrain inversion of the time-lapse
data sets to produce time-lapse changes in the seismic compre s-
sional, shear, and electrical conductivity as CO2 was injected.

These time-lapse changes in geophysical parameters were com-
bined with the ro c k - p roperties model to produce changes in
reservoir pre s s u re and fluid saturations (including changes in
h y d rocarbon gas, water, and CO2 saturations).  

A critical step was to first remove the effects of the re s e r v o i r-
p re s s u re and water-saturation changes by combining the EM
and shear-wave velocity changes. Once the effects of re s e r v o i r
p re s s u re and water saturation changes were stripped off, the
changes in acoustic velocity were used to map CO2 s a t u r a t i o n
changes within the re s e r v o i r.

ACCOMPLISHMENTS/
SIGNIFICANCE OF FINDINGS

The newly developed procedure for unraveling the com-
bined effects of reservoir pressure and fluid saturation changes
produced a predicted change in CO2 content in the reservoir
oil. This change in CO2 content is substantially better that that
which can be obtained by traditional predictions (based on
changes in geophysical parameters alone).  Figure 1 shows the
changes in CO2 dissolved in oil compared to the changes in
compressional velocity and electrical conductivity between the
two observations wells used in the survey. There is a clear
improvement in spatial resolution, along with accurate quan-
titative prediction of the CO2 volume in place.
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Figure 1. Changes in CO2 dissolved in oil (a), changes in p-wave
velocity (b), and changes in electrical conductivity (c). CO2
injected into different depths is shown as % CO2.
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